iIScience ¢? CellP’ress

OPEN ACCESS

The clinical anti-inflammatory effects
and underlying mechanisms of silymarin
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SUMMARY

Inflammatory conditions are key mediators in the progression of various diseases. Silymarin, derived from
Silybum marianum seeds and fruits, has shown efficacy in treating a range of liver diseases. The expanding
corpus of research on silymarin highlights its promising role in preventing and managing inflammatory
conditions and autoimmune without adverse effects. This review discusses the absorption, metabolism,
and anti-inflammatory mechanisms of silymarin, exploring its impact on the secretion of inflammatory fac-
tors, such as nuclear factor kappa B (NF-kB) pathway, mitogen-activated protein kinase (MAPK) pathway,
and antioxidant pathway. We delve into its disease-modifying potential for clinical applications, thereby
laying a theoretical foundation for further silymarin research and clinical studies.

INTRODUCTION

Silymarin, primarily sourced from Silybum marianum (milk thistle), is a distinguished medicinal herb within the Asteraceae family.! Esteemed
for the distinctive white veins on its leaves, milk thistle has been harnessed as a natural remedy for over two millennia, celebrated for its hep-
atoprotective qualities.” The silymarin complex, extracted from the plant’s seeds and fruits, is rich in flavonolignans, flavonoids, and polyphe-
nols.” Silibinin, constituting approximately 50%-60% of this complex, along with other flavonolignan isomers, accounts for about 35%, form-
ing the crux of silymarin’s therapeutic potency.” Identified in 1959 as a pioneering member of the flavonolignan family,® silibinin exists in two
diastereoisomers: silibinin A and silibinin B (Figure 1).” Silybum marianum has a storied history of use in herbal medicine, demonstrating ef-
ficacy against a spectrum of liver conditions, including chronic liver disease, cirrhosis, and hepatocellular carcinoma.®? Furthermore, recent
research underlines silymarin’s promising capacity as an anti-inflammatory agent, expanding its potential clinical applications beyond
hepatoprotection.'”'?

The interplay between inflammation and disease is complex, often resulting in a feedback loop that exacerbates both conditions and pre-
sents significant challenges to treatment strategies.'®'* Traditional anti-inflammatory pharmacotherapy, such as aspirin, ibuprofen, nap-
roxen, and indomethacin, targets the cyclooxygenase (COX) enzymes, pivotal in the biosynthesis of prostaglandins (PGs)."® PGs are instru-
mental in the manifestation of symptoms such as fever, pain, and inflammation.'® While effective in mitigating inflammation, these
medications are associated with a notable risk of adverse effects, including gastrointestinal irritation and complications.17 In contrast, sily-
marin, a bioactive compound extracted from the milk thistle plant (Silybum marianum), has emerged as a potent natural alternative with prom-
ising therapeutic efficacy against various conditions, including liver disease, neurotoxicity, and colorectal cancer.'®'? Its anti-inflammatory
properties, attributed to mechanisms distinct from those of conventional drugs, offer the potential for disease treatment with a lower inci-
dence of side effects.”” This review synthesizes recent findings on the anti-inflammatory actions of silymarin and its clinical applications, high-
lighting its significance as one of the most promising natural compounds for disease management.

ABSORPTION AND METABOLISM OF SILYMARIN

Optimal pharmacokinetic properties, including absorption, distribution, metabolism, and excretion, are crucial for drugs to exert therapeutic
actions within the body effectively.”’ Commonly used non-steroidal anti-inflammatory drugs typically exhibit prolonged half-lives, extending
beyond 8 h, with ibuprofen demonstrating a shorter half-life of approximately 4-5 h.?” These anti-inflammatory agents are characterized by
high bioavailability and stability, facilitating their widespread use.”® Although silymarin has been recognized as a potential anti-inflammatory
agent, its low water solubility and inefficient absorption limit its therapeutic efficacy in anti-inflammatory applications.”* Addressing the
bioavailability and stability of silymarin has thus emerged as a critical focus of research, laying the groundwork for the development of novel
silymarin-based formulations.”” Recent advancements have highlighted the potential of nanotechnology-based platforms to enhance the
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Figure 1. Silybum marianum and chemical structure of silibinin
(A) Silybum marianum.

(B) Silibinin A.

(C) Silibinin B. Source: https://baike.so.com/.

delivery of poorly water-soluble active ingredients.”” Techniques such as nano-encapsulation have been employed to improve the solubility
of silymarin, facilitating its encapsulation in aqueous nanocarriers.?” This approach enhances passive absorption through the intestinal lumen
into the lymphatic and circulatory systems, significantly increasing oral bioavailability. At the same time, the biological availability and bioac-
tivity of silibinin can be enhanced through the use of solution-enhanced dispersion by supercritical fluids.”® In addition, the complex formed
by silymarin and natural cyclodextrin and the complex formed by silymarin and phospholipid can also significantly improve the bioavailability
of silymarin.”” Consequently, these innovations offer promising avenues to augment the anti-inflammatory efficacy of silymarin, showcasing
the potential of modern science and technology in overcoming pharmacokinetic barriers.

POTENTIAL ANTI-INFLAMMATORY PATHWAYS OF SILYMARIN
Inhibition of inflammatory factor secretion

Silymarin has demonstrated profound anti-inflammatory effects through the modulation of cytokines, evidenced by the reduction of pro-in-
flammatory cytokines such as interleukin-1 beta (IL-1p), IL-6, tumor necrosis factor alpha (TNF-a), and interferon-y in serum and liver tis-
sues.”>*" Concurrently, it elevates the levels of anti-inflammatory cytokines, including IL-10 and IL-12, underscoring its significant therapeutic
potential.* The inflammasome, a protein complex pivotal in initiating inflammatory responses to pathogens and cellular damage, is key to
understanding silymarin’s mechanism.*> The complex responds to pathogen-associated molecular patterns and damage-associated molec-
ular patterns, particularly IL-1B and IL-18, which are efficiently downregulated by silymarin.*® Of particular note, IL-18 is a central mediator in
various inflammatory pathways.* The production and release of IL-1B is regulated by caspase-1,° which is also responsible for activating IL-18
and facilitating the secretion of other inflammatory proteins like IL-1a and fibroblast growth factor 2 through non-traditional pathways.** This
cascade of events amplifies the inflammatory response, highlighting the inhibitory effects of silymarin on these processes. In experimental
models, silymarin was reported to reduce the levels of the cytokine IL-8 in mice with airway inflammation induced by cigarette smoke extract,
indicating dose-dependent anti-inflammatory effects. Moreover, its beneficial effects extend to reducing pro-inflammatory mediators in H292
human airway epithelial cells following stimulation with silica nanoparticles, highlighting its potential in preventing inflammatory cell infiltra-
tion into lung tissues.>® Furthermore, silibinin, a major component of silymarin, undergoes oxidation to form 2,3-dihydro-silibinin, further in-
hibiting the release of lipopolysaccharide (LPS)-induced pro-inflammatory cytokines such as IL-6 and IL-8.” Additionally, the combination of
silibinin, another active constituent of silymarin, with capsaicin has been shown to more effectively suppress LPS-induced TNF-o. and IL-6 pro-

duction than either compound alone, suggesting a synergistic effect in modulating inflammation.*®

Nuclear factor kappa B pathway

Silibinin exhibits significant anti-inflammatory effects by attenuating the activity of proteins associated with inflammatory vesicles, such as
nucleotide-binding oligomerization domain, leucine-rich repeat and pyrin domain-containing 1 (NLRP1), NLRP3, and caspase-1, and modu-
lating the genes’ expression related to the nuclear factor kappa B (NF-kB) pathway, including Toll-like receptor 4, myeloid differentiation pri-
mary response 88, or mitogen-activated protein kinase (MAPK).> This modulation leads to a reduction in the activation and nuclear concen-
tration of NF-kB, a critical transcription factor in inflammatory responses.’” The NF-kB/Rel family, encompassing NF-kB1 (p50/p105), NF-kB2
(p52/p100), pb5 (RelA), RelB, and c-Rel, plays a vital role in regulating genes linked to inflammation.”! Activation of NF-kB involves the release
of p65 from its inhibitory complex and its subsequent translocation to the nucleus, promoting the expression of pro-inflammatory genes.*”
Experimental evidence has shown that pre-treatment with silibinin, either alone or combined with capsaicin, can significantly reduce LPS-
induced activation of NF-kB, with a combination of both demonstrating a more pronounced inhibitory effect on NF-kB activation. Silibinin’s
supplementation has been noted to decrease IL-6 levels and mitigate renal carcinogenesis induced by diethylnitrosamine/2-acetylamino-
fluorene/carbon tetrachloride through the inhibition of p65 and inhibitor kappa B alpha (IkB-a) phosphorylation, indicating its potent
NF-kB inhibitory properties.”” Beyond renal cancer, silibinin’s anti-inflammatory capabilities extend to various diseases.* It has been iden-
tified as an effective agent in managing the inflammatory response in conditions such as preeclampsia, lung inflammation, and H. pylori-
induced gastritis, primarily through the inhibition of the NF-kB and NLRP3 signaling pathways and the suppression of COX-2 and inducible
nitric oxide synthase (INOS) expression.*****> Furthermore, silibinin has shown potential in reducing oxidative stress and inflammation in
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nonalcoholic steatohepatitis (NASH) induced by a methionine-choline-deficient diet,”* as well as alleviating hepatic ischemia-reperfusion
injury,”” by modulating lipid metabolism and downregulating NF-kB and NLRP3 expression.

MAPK pathway

Silymarin targets the MAPK pathway, a crucial upstream regulator of NF-kB, to exert its anti-inflammatory effects.”® MAPK activation involves
its translocation into the nucleus, where it phosphorylates several key transcription factors, notably nuclear factor erythroid 2-related factor 2,
NF-kB, and activator protein-1."""" This pathway is instrumental in regulating a broad spectrum of biological processes, such as cell prolif-
eration, differentiation, apoptosis, inflammation, and the cellular response to environmental stressors.”’ The MAPK family comprises various
stress-responsive kinases, including c-Jun N-terminal kinases (JNK), extracellular signal-regulated kinases (ERK), big MAP kinase 1, and p38
MAP kinase.>” Previous study demonstrated that exposure to D-galactosamine/LPS elevates NF-kB and p38 expression in mice, suggesting
the activation of inflammatory pathways.* Silymarin administration leads to a significant reduction in these inflammatory markers and an in-
crease in IkB-a expression in hepatic tissue, indicating its potential to mitigate liver inflammation and injury.”* Moreover, COX-2, which asso-
ciated with inflammatory responses, is notably decreased following silymarin treatment as well.** By the way, silymarin offers neuroprotection
by inhibiting the phosphorylation of ERK1/2, JNK, and p38 MAPK and reducing the expression of the epidermal growth factor receptor and
glial fibrillary acidic protein.”® Immunohistochemical analyses reveal changes in the expression of phosphorylated ERK1/2, JNK, and p38 in
silymarin-treated tissues compared to controls, affirming silymarin’s modulatory influence on MAPK pathway components.®® Beyond its ef-
fects on liver and neuronal tissues, silymarin displays anti-inflammatory actions in renal and pulmonary contexts. In kidneys, silibinin, a con-
stituent of silymarin, mitigates cisplatin-induced nephrotoxicity by attenuating reactive oxygen species (ROS)-mediated MAPK pathway acti-
vation and enhancing Nfe2l1-mediated antioxidant responses.”® This suggests a novel approach for addressing acute kidney injury
associated with cisplatin treatment.”® Additionally, silibinin inhibits the production of pro-inflammatory factors and adhesion molecules in
lung microvascular endothelial cells exposed to Aspergillus fumigatus via the p38 MAPK pathway. Prolonged silymarin exposure also sup-
presses various pro-inflammatory mRNAs and signaling pathways, including NF-kB and forkhead box O, underscoring its comprehensive
anti-inflammatory effects.”’

Antioxidant defense pathways

Silymarin is recognized for its potent antioxidant capabilities, primarily achieved through the inhibition of key antioxidant enzymes and the
prevention of free radical-induced DNA damage.”®* Its anti-inflammatory properties are closely linked to this antioxidant effect, notably
through the suppression of pro-inflammatory signaling cascades.” A critical aspect of silymarin’s anti-inflammatory mechanism involves the
downregulation of iNOS, which is responsible for the elevated production of nitric oxide during inflammatory processes. By inhibiting
iNOS expression, silymarin significantly contributes to mitigating the inflammatory response.”” Additionally, silymarin has been shown
to inhibit platelet aggregation triggered by extracellular arachidonic acid, further illustrating its anti-inflammatory effects.®’ This inhibition
is achieved by interfering with the arachidonic acid metabolism, thereby reducing the synthesis of pro-inflammatory mediators.®’ Further-
more, arachidonic acid produces lipid peroxyl radicals and lipid peroxides that are more reactive, through the action of lipoxygenase-5
(5-LOX) by double oxygenation.®” These highly reactive molecules are precursors to biologically active compounds, including leukotrienes,
hydroxy fatty acids, and lipoxins, which play significant roles in the inflammatory process.®*** By the way, silymarin was reported to curb the
formation of oxygen radicals and lipid peroxides.®>“® Its anti-inflammatory effects were shown by inhibiting 5-LOX activity and obstructing
the lipid peroxidation pathway to prevent the generation of ROS involved in inflammatory responses.”” Through these mechanisms
mentioned earlier, silymarin was shown to protect cellular components from oxidative stress and mitigate inflammation, emphasizing
its therapeutic potential in conditions characterized by oxidative stress and inflammation. The anti-inflammatory mechanism of silymarin
is shown in Figure 2.

CLINICAL APPLICATIONS OF SILYMARIN AS AN ANTI-INFLAMMATORY AGENT

The anti-inflammatory properties of silymarin have been extensively shown in both preclinical and in vitro models, establishing its potential to
mitigate disease via its anti-inflammatory effects.”>**"" Consequently, various research teams have progressed to applying silymarin in clin-
ical trials aimed at treating conditions including radiotherapy-induced mucositis, radiation dermatitis, skin inflammation, diabetes, B-thalas-
semia major, and other diseases (Table 1; Figure 3).

Radiotherapy-induced mucositis

Radiation therapy, a cornerstone in cancer treatment, often leads to inflammatory side effects, such as mucositis.” In a landmark 2011 study
by Altaei,”? 65 patients undergoing chemotherapy-induced oral mucositis were enrolled in a randomized, double-blind, placebo-controlled
trial. Participants were divided, with 23 receiving 140 mg/cap silymarin. The outcomes were promising; silymarin group exhibited significantly
lower mean Oral Mucositis Assessment Scale and World Health Organization (WHO) Mucositis Scale scores, alongside visual analog scale
scores, compared to both the indomethacin and placebo groups. Remarkably, within five days of silymarin treatment, all patients in this group
showed signs of ulcer healing and reported pain relief. Additionally, there were significant reductions in serum levels of IL-1f and leptin, with
an increase in trolox-equivalent antioxidant capacity, underscoring silymarin’s anti-inflammatory and antioxidant efficacy against mucosal
inflammation. Another study focusing on patients with head and neck cancer revealed that WHO Oral Mucositis Rating Scale and National
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Figure 2. Anti-inflammatory molecular mechanism of silymarin
Silymarin improves inflammation by inhibiting the activation of NF-kB, MAPK, JAK-STAT3, and other pathways and regulating the secretion of inflammatory
factors.

Cancer Institute Common Toxicology Criteria (NCI-CTC) mucositis scores were significantly lower in the silymarin-treated group compared to
placebo (p < 0.005) during the first six weeks of radiotherapy.”® This suggests that while silymarin may not outright prevent mucositis, it ap-
pears to slow its progression. A further trial investigating a silymarin nanosolution (210 mg/day) highlighted a decrease in European
Organization for Research and Treatment of Cancer (EORTC) scale scores after the fourth week of treatment, suggesting potential benefits

of adjusting treatment duration and formulation.””

Radiation dermatitis

Radiation dermatitis affects over 80% of patients with breast cancer undergoing postoperative radiotherapy, with about 10% developing
grade 3 lesions.”” A rigorous study evaluated the protective effects of 1% silymarin gel on dermatitis symptoms, using a randomized, dou-
ble-blind, placebo-controlled design. The silymarin-treated group (n = 40) showed significantly lower median National Cancer Institute Com-
mon Terminology Criteria for Adverse Events (NCI-CTCAE) and Radiation Therapy Oncology Group (RTOG) scores compared to placebo
(p < 0.05), indicating reduced severity and delayed onset of dermatitis. Another clinical trial confirmed the efficacy of silymarin cream in miti-
gating both objective and subjective skin toxicity, with a higher percentage of patients assessed as normal when using silymarin cream
throughout their radiotherapy period.”® These findings advocate the prophylactic application of silymarin formulations that exert anti-inflam-
matory properties to significantly reduce the effects of radiation dermatitis.

Skin inflammation

Acne-prone skin is characterized by elevated oxidative stress and a diminished antioxidant defense compared to healthy skin.” This imbal-
ance contributes to lipid peroxidation, inflammation, and the proliferation of acne-causing bacteria.”’ A comparative study evaluated the
efficacy of 1.4% silymarin cream against 30% salicylic acid in treating mild to moderate acne vulgaris. Although no statistically significant dif-
ference was observed between the two treatments (p = 0.377), the silymarin cream demonstrated effectiveness and safety, paralleling the
results of salicylic acid therapy. Another investigation involving 22 Korean participants using a 0.5% silymarin-loaded antioxidant serum for
four weeks reported notable improvements in acne severity, as measured by the modified General Acne Grade Score, the General Acne Eval-
uation (GEA) scale, and a reduction in acne lesions.”® Additionally, reductions in sebum production, skin pigmentation, and erythema were
documented, with a significant change in the melanosis index. These findings suggest that silymarin’s potential to manage mild to moderate
acne could be attributed to its anti-inflammatory and antioxidant properties.
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Table 1. Clinical applications of silymarin as an anti-inflammatory agent

Disease Dose Duration Patients Outcome Reference
Oral mucositis 140 mg*3/day 14 days 65 patients Healing time | ; serum IL-1B | ; leptin levels |; Altaei’?
ulcer healing and pain relieft
Mucositis 140 mg*3/day 6 weeks 27 patients WHO and NCI-CTC scores | ; no grade 4 mucositis; Elyasi et al.”®
significant median score differences.
Radiotherapy-induced 70 mg*3/day 6 weeks 31 patients Median EORTC scores— scores during radiation therapy t Hosseini et al.”*
mucositis
Radiation-induced 1% silymarin 5 weeks 40 patients Median NCI-CTCAE and RTOG scores | ; the onset and Karbasforooshan et al.”®
dermatitis progression of radiation dermatitis were delayed
Radiodermatitis 0.25% silymarin 4 weeks 101 patients Median time to toxicity 1; incidence of radiodermatitis | Becker-Schiebe et al.”®
Acne vulgaris 0.5% silymarin 4 weeks 22 patients Modified GAGS, GEA scores, and acne lesion counts | ; Atallah et al.””
sebum secretion, skin pigmentation, and erythema|
Acne vulgaris 1.4% silymarin 3 months 30 patients GAGS both facial sides | ; two instances of hyperpigmentation Kim et al.”®
on the salicylic acid-treated side; no side effects observed
Liver injury 140 mg*3/day 14 days 90 patients Serum AST, ALT, and ALP levels|; MDA levels |; Mirzaei et al.””
TAC and thiols levelst
Liver disease 140 mg*3/day 48-50 weeks 78 patients Legalon was safe at all doses; steatosis and lobular inflammation | Navarro et al.®
Liver disease 303 mg/day 12 months 116 patients ELF reduction —; liver stiffness at 6 and 12 months | Cossiga et al.”’
COVID-19 1,050 mg/day 10 days 2 patients No side effects; patients required minimal oxygen Bosch-Barrera et al.®***
support (2-4 L/min) during the episode
Type 2 diabetes 200 mg*3/day 4 months 51 patients HbA1c and FBS|; total cholesterol, triglyceride | ; Huseini et al.®
LDL, SGOT, SGPT|
Type 2 diabetes 140 mg*3/day 45 days 40 patients Fasting blood sugar, serum insulin, and serum triglyceride | ; Ebrahimpour-koujan et al.*®
triglyceride to high-density lipoprotein cholesterol ratio |
Type 2 diabetes 200 mg*3/day 3 months 60 patients Fasting blood glucose | ; glycosylated hemoglobin | ; triglyceride | Khalili et al.®®
B-thalassemia major 140 mg*3/day 12 weeks 82 patients CRPand IL-6; IL-101 Darvishi-Khezri et al.?’
B-thalassemia major 140 mg*3/day 12 weeks 82 patients Serum iron and ferritin levels | ; total iron-binding capacity Darvishi-Khezri et al.®®
B-thalassemia major 420 mg/day 3 months 69 patients Serum MDA and protein CO | ; serum TAC and plasma GSH 1 Darvishi-Khezri et al.?’
B-thalassemia 420 mg/day 6 months 10 patients Serum ferritin | Reisi et al.”®
intermedia
Hand-foot syndrome 1% silymarin 9 weeks 40 patients Median WHO HFS scores | ; the onset and progression Elyasi et al.”’
of HFS were delayed
Acute lymphoblastic 420 mg/day 1 week 80 children Early doxorubicin-induced left; ventricular systolic dysfunction | Hagag et al.”

leukemia
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Figure 3. Clinical applications of silymarin as an anti-inflammatory agent
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Silymarin can play a role in the clinical treatment of radiotherapy-induced mucositis, radiation dermatitis, skin inflammation, liver inflammation, COVID-19-
induced inflammation, diabetes, and B-thalassemia major, among other diseases, through anti-inflammatory mechanisms.
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Liver inflammation

Silymarin, recognized for its hepatoprotective properties, has been explored in clinical trials for its efficacy in treating liver inflamma-
tion.”>” In one study, silymarin administration resulted in a significant reduction in serum malondialdehyde (MDA) levels, indicating lower
oxidative stress in the silymarin group compared to controls and highlighting its antioxidant and anti-inflammatory effects.”” In the context
of NASH, silymarin intake ranging from 140 to 700 mg demonstrated safety and tolerability, with an improvement in hepatic steatosis and
lobular inflammation observed in some subjects, although these changes did not reach statistical significance in histological improve-
ment.?” For patients with cirrhosis, a 12-month regimen of Realsil 100D, comprising silymarin, vitamin D, and vitamin E, significantly
improved liver stiffness, suggesting an amelioration of liver fibrosis. Additionally, a reduction in platelet-activating factor expression among
cirrhotic patients treated with silymarin compared to controls points to its potential to modulate inflammatory pathways and reduce the
genotoxic impact of ROS.®’

COVID-19-induced inflammation

Silibinin, a key component of silymarin, has been identified as a potent inhibitor of signal transducer and activator of transcription 3 (STAT3), a
critical regulator of cytokine signaling and immune responses.”” This inhibition is significant in the context of COVID-19, where IL-6-mediated
STAT3 overactivation contributes to the cytokine storm observed in severe cases.”” Computational studies, including molecular docking and
dynamics, have elucidated the interaction between silibinin and STAT3, suggesting a molecular basis for its therapeutic effect. A pilot clinical
trial conducted by the Catalan Institute of Oncology evaluated the efficacy of Legalon, a silymarin-based formulation, in patients with
COVID-19 with underlying tumors. The administration of 1,050 mg/d of Legalon for ten days was associated with improved clinical outcomes,
including reduced oxygen requirements and amelioration of lung lesions, without any reported side effects.®® These preliminary results un-
derscore the potential of silymarin to modulate inflammatory responses in COVID-19, warranting further large-scale clinical trials to confirm its
efficacy.

Diabetes

In two separate studies focusing on type 2 diabetes mellitus (T2DM), silymarin showed considerable benefits. Over four months, one study
revealed that silymarin significantly lowered key metabolic markers such as glycated hemoglobin (HbA1c), fasting blood sugar (FBS), total
cholesterol, low-density lipoprotein, triglycerides, and liver enzymes, indicating its potential to improve blood sugar and lipid control in pa-
tients with T2DM.** In another triple-blind trial, silymarin supplementation notably reduced fasting glucose, serum insulin, insulin resistance,
and triglyceride levels, further confirming its therapeutic advantages.®® Moreover, a study on an herbal mix including silymarin, stinging nettle,
and frankincense showed that this combination significantly decreased fasting glucose, HbA1c, and triglycerides compared to a placebo,
highlighting the efficacy of herbal combinations in enhancing diabetes management.®®

B-thalassemia major

Patients with severe B-thalassemia major (B-TM) frequently experience inflammation due to iron overload.” Studies show that silymarin signif-
icantly reduces inflammation markers like C-reactive protein (CRP) and IL-6, while boosting IL-10 levels, suggesting that it could enhance stan-
dard iron chelation therapy.®” Although additional research noted improvements in cardiac and liver functions with silymarin, these were not
statistically significant.”® In a randomized controlled trial, silymarin also reduced oxidative stress and increased antioxidant capacity in patients
with B-TM.%” In those with B-thalassemia intermedia, silymarin effectively lowered ferritin levels after three to six months, highlighting its po-
tential as a natural iron chelator.”

Other diseases

Silymarin's therapeutic applications extend beyond liver protection to managing side effects of chemotherapy, such as hand-foot syndrome
(HFS), a painful condition affecting patients on capecitabine. A double-blind, placebo-controlled trial demonstrated that topical application
of 1% silymarin gel significantly alleviated HFS symptoms, delaying its onset and progression.”’ Furthermore, in a study involving pediatric
patients with acute lymphoblastic leukemia, the addition of silymarin to adriamycin therapy mitigated early cardiac dysfunction and reduced
troponin levels, indicative of its cardioprotective properties.”” These outcomes suggest silymarin’s potential in enhancing antioxidant de-
fenses and modulating signaling pathways, such as phosphoinositide 3-kinase/protein kinase B (AKT), to exert its protective effects against
chemotherapy-induced toxicities.

CONCLUSION

Recently, silymarin exhibits therapeutic potential as a natural anti-inflammatory medicine. The comprehensive understanding of silymarin’s
anti-inflammatory molecular mechanism and clinical application was included in this review. We focus on the priority that should be given
to enhancing silymarin’s bioavailability and stability, alongside detailed mechanistic studies, to cement its place in clinical therapeutics for
inflammatory diseases. This effort will not only elucidate its role at the molecular level but also provide an experimental basis for silymarin’s
anti-inflammatory clinical application.
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